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A b s t r a c t : W c  h av e  s tu d ie d  th e  A C  s u sc e p tib ility  a n d  d y ­
n a m ic  t r a n s i t io n  in  Is in g  fe rro m a g n e t in a  p e r io d ic  field  by  
so lv in g  m e a n  field  d y n a m ic a l e q u a tio n . T h e  im a g in a ry  ( re a l)  
p a r t  o f A C  s u s c e p tib ili ty  show s a  s h a rp  p e a k  (d ip )  a t  th e  
te m p e ra tu re  a t  w h ich  th e  d y n a m ic  t r a n s i t io n  o c c u rs . W e 
hav e  a lso  s tu d ie d  th e  b e h a v io u r  of Ising  sy s te m  u n d e r  a  
p u lse  m a g n e tic  field . ' T h e  w id th  r a t io  a n d  p u lse  s u s c e p ti­
b ility  show s p e a k  n e a r  th e  F c r ro -P a ra  t r a n s i t io n  p o in t.
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I. I n t r o d u c t i o n :
W e h av e  s tu d ie d , b y  so lv in g  n u m erica lly  th e  m e a n  field  (M F )  e q u a ­

tion of m o tio n , th e  n a tu r e  o f  re sp o n se  m a g n e tis a tio n  m (t ) o f a n  Is in g  
system  in  p re se n c e  of a  p e r io d ic a lly  v a ry in g  e x te rn a l fie ld  (h(t) =  
hacos[ut)). F ro m  th e se  s tu d ie s , we d e te rm in e  th e  m — h lo o p  o r  h y s te re ­
sis loop a re a  A (=  $  mdh ) a n d  th e  d y n a m ic  o rd e r  p a ra m e te r  Q (=  § m d t ) 
and in v e s tig a te  th e i r  v a r ia tio n s  w ith  th e  freq u en cy  (w) a n d  a m p litu d e  
(ho) of th e  a p p lie d  e x te rn a l  m a g n e tic  field  a n d  th e  te m p e ra tu re  (T )  o f 
the sy s te m  [1]. T h e  d y n a m ic  p h a se  b o u n d a ry  ( in  th e  ho — T  p la n e )  
is found  to  b e  f re q u e n c y  d e p e n d e n t  a n d  th e  t r a n s i t io n  ( fro m  Q ^  0 
for low T  a n d  ho to  Q =  0 fo r  h ig h  T  a n d  h0) a ccro ss  th e  b o u n d a ry  
crosses o v er to  a  c o n tin u o u s  fro m  a  d isc o n tin u o u s  o n e  a t  a  t r ic r i t ic a l  
point [2,1], T h e s e  b o u n d a r ie s  a re  d e te rm in e d  in  v a rio u s  cases. W e f in d  
that th e  re sp o n se  c a n  b e  g e n e ra lly  ex p re sse d  as  m(t)  =  P(u( t  — f c/ / ) )  
where P  d e n o te s  a  p e r io d ic  fu n c tio n  (w ith  a m p litu d e  m 0) h a v in g  sa m e  
frequency u  o f th e  p e r tu rb in g  fie ld  a n d  r e/y ( / io ,w ,T )  d e n o te s  th e  effec­
tive delay. W e e s ta b lis h e d  t h a t  th is  effec tive  d e lay  r t j j  o f th e  re sp o n se
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is th e  c ru c ia l te rm  a n d  it  p ra c tic a lly  d e te rm in e s  a ll th e  a b o v e  o b se rv a ­
tio n s  fo r A , Q } e tc . In v es tig a tin g  th e  n a tu r e  o f th e  in -p h a s e  ( x ’) a n d  
th e  o u t-o f-p h ase  ( x ” ) su scep tib ility , d e fin ed  a s  x ’ =  ( m o/ / i o)cos(<0) a n d  
x ” =  (m0/ h 0)sin(<(>)] <f> =  urrt f j  ( a n d  m 0 is th e  a m p l i tu d e  o f  m ( t ) ) ,  we 
find th a t  th e  loop  a re a  A  is d ire c tly  g iven  by x” a n d  a lso  th e  te m p e r ­
a tu re  v a ria tio n  of x” (x )> h x cd  a> a n d  /io, g ives a  p ro m in e n t  p e a k  
(d ip ) a t  th e  d y n a m ic  t ra n s it io n  p o in t [3].

We have also studied the behaviour of response m agnetisa tion  by 
the application of a short-duration  (com pared w ith th e  relaxation, time) 
pulsed magnetic field. Here, we observed th a t th e  w id th  ra tio  (pf the 
half w idth and the w idth of the response m agnetisa tion  and  d|f the 
pulsed field respectively) and the susceptibility ( th e  ra tio  of excess tnag- 
netisation over its equilibrium  value and the  height of the  pulsed field) 
bo th  shows sharp peaks a t the  order-disorder (ferro -para) transition  
point.
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I I . M e a n  F ie ld  D y n a m ic s :

The equation for the dynam ics of the  m agnetisa tion  (m ) of a  mag­
net in presence of a sinusoidally tim e varying m agnetic  field ( h ( t )  =  

h 0 c o ti (u )t ) ) , may be w ritten  in the  m ean field approx im ation  as

d m  , . m  +  h n c o s ( u t ) , . .

r n  =  ~ m +  1— \ f (1)

Here m represents the m agnetisation /i0 and u> represen t th e  am plitude 
and the frequency respectively of the  sinusoidally varying m agnetic  field 
and T  is the tem peratu re  of the  system  (th e  B oltzm ann co n stan t and 
the spin-spin in teraction streng th  arc taken to  be u n ity ). We have 
solved the equation by using fourth  order R u n g c-K u tta  m ethod  (in 
single precision; taking the tim e differential equal to  1 0 - 6 ) to  get m(f)
from equation (2 ). P lo tting  m(<) as a function of / i ( t )  we go t th e  m  — h 

loop.

I I I .  A C  S u s c e p tib il i ty :

Let us define, the  (linear) AC susceptibility  as 

X =  (m 0/ / io ) e - '^ , <)> =  u)Tcj f )
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Fig.l. T em pera tu re  variations of x \ x” . Q> ^ j710 fo7 rtwo
field am plitudes ( h o ) .  (I) ho =  0.4, u  =  0.031, (II) ho — 0.5, w -  .
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t r a n s it io n . W e h av e  id en tif ied  h e re  th e  h ig h  t e m p e r a tu r e  s m e a re d  p eak  
in  x ’ w ith  th e  h ig h  te m p e ra tu re  d ecay  o f m a g n e t is a t io n  a m p l i tu d e  (m 0) 
a n d  th e  seco n d  (low  te m p e ra tu re )  p ro m in e n t p e a k  in  x ” ( a n d  th e  dip 
in  x ’) w >th th e  d y n a m ic  t r a n s i t io n  (Q ch a n g in g  f ro m  z e ro  to  n o n zero
value). .

O u r s tu d y  o n  th e  te m p e ra tu re  v a r ia tio n  o f  th e  c o m p le x  su s c e p tib il­
ity  o f a n  Ising  m o d e l in  a  p e rio d ic a lly  v a ry in g  e x te r n a l  fie ld  sh o w s th a t  
a  low te m p e ra tu re  p ro m in e n t p e a k  in  x” (a n d  d ip  in  x ’) o c c u rs  ( a t  Td) 
as one crosses th e  d y n a m ic  p h a se  b o u n d a ry  {Q /  0 fo r  T  <  T d (/i0 ,u>) 
a n d  Q =  0 fo r T > Td). In  fa c t , th is  o b s e rv a tio n  o f  s h a rp  p e a k  (d ip )  in 
th e  A C  s u sc e p tib ility  ac ro ss  th e  d y n a m ic  t r a n s i t io n  l in e  in d ic a te s  the 
d y n am ic  t ra n s it io n  to  b e  a  t ru e ly  th e rm o d y n a m ic  t r a n s i t io n .

V II. B ehaviour o f th e  response due to  a pu lsed  field:

W e h av e  s tu d ie d  th e  re sp o n se  of a  p u lse d  m a g n e t ic  fie ld  b y  so lv ing  
th e  d y n a m ic a l e q u a tio n  o f m o tio n  fo r  th e  re sp o n se  m a g n e t is a t io n  in  the 
m ea n  field  a p p ro x im a tio n . H ere , th e  t im e  v a r ia t io n  o f  t h e  e x te r n a l  field 
h as  b een  ta k e n  as

h(t) =  hp fo r <o <  t < t0 +  St
, u (4)

== 0 e lsew here .
In  th is  case , we h av e  f irs t a llow ed  th e  s y s te m  to  re la x  fro m  a 

n o n e q u ilib r iu m  s ta te  (m  =  1 ,T  ^  0) to  i ts  e q u il ib r iu m  s ta t e  a t  any 
n o n zero  te m p e ra tu re  (T ) ,  a n d  th e n  a p p lie d  th e  p u lse  fo r  a  s h o r t  d u ra ­
tio n  St (c o m p a re d  w ith  th e  re la x a tio n  t im e ) . A s th e  p u lse  is ap p lied , 
th e  resp o n se  m a g n e tis a tio n  g e ts  s h a rp ly  p e a k e d  o v e r  i t s  eq u ilib r iu m  
value (F ig . 2 a ). T h is  re sp o n se  is c h a ra c te r iz e d  b y  tw o  q u a n ti t ie s :  the 
h e ig h t nip a n d  i ts  h a lf -w id th  At  o f th e  p u lse d  re s p o n s e  m a g n e tis a tio n  
m(t)  (o v er i ts  e q u ilib r iu m  v alue). W e th u s  m e a s u re  tw o  im p o r ta n t  
q u a n titi te s :  ( i)  w id th  r a t io  72 =  At/S t  a n d  th e  p u lse  su sc e p tib ility  
Xp =  m p/hp. W e hav e  p lo t te d  th e  t e m p e ra tu r e  v a r ia t io n  o f  R  a n d  Xp 
in  F ig .2 b . In  th is  case , th e  c o rre sp o n d in g  s h a rp  p e a k s  h a v e  b e e n  ob­
se rv ed  a t  T =  1.001 (fo r ho =  0 .01 , St =  50 t im e s  th e  t im e  d iffe ren tia l 
fo r so lv ing  th e  M F  e q u a tio n  ; T C(M F )  =  1). In  a ll th e s e  ca se s , the  
effective Tc o b ta in e d  fro m  th e  p e a k  p o s it io n  is s l ig h tly  o v e r-e s tim a te d , 
a n d  th is  o v e r-e s tim a tio n  d isa p p e a rs  in  th e  l im it  h0 -»  0 a n d  St -* 0. 
I t m ay  a lso  b e  m e n tio n e d  th a t  Xp ~ * X> th e  s ta t ic  s u s c e p tib i l i ty , in  the 
lim it h0 -»  0, St -»  oo.

IV . C oncluding R em arks:

In  th is  p a p e r , we m a in ly  s tu d ie d  th e  d y n a m ic  p h a s e  t r a n s i t io n  in 
sing  e rro m ag n e t. T h e  A C  s u sc e p tib ili ty  c o m p o n e n ts  sh o w s p e a k  (dip)
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F ig .2 a .T im e  v a r ia tio n  o f th e  re so n se  m a g n e tis a tio n  m(t)  a n d  th e  p u lse  
field h(t).

F ig .2 b . T e m p e ra tu r e  (T )  v a r ia tio n  of w id th  r a t io  R  a n d  x • T h e  
Horizontal arrow in d ic a te s  th e  previous re su lts  for th e  c r i t ic a l  te m p e r ­
a tu re  (T c).
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at the dynamic transition point. This indicates th a t th e  dynam ic tran­
sition is a true therm odynam ic phase transition . A nother im portant 
study th a t we have done here is the  study  of response of Ising system 
due to a pulsed magnetic field of very short duration . T he w id th  ratio 
and the pulse susceptibility show peak near the  order-disorder transi­
tion point.

One can consider, for example, the  study  of acoustic pulse re­
sponse (susceptibility and w idth ratio) in the system  w ith  propagating 
or spreading rup ture/fractu re. An increasing tendency of th e  width 
ratio here can indeed give the  prior indication of the  catastrophy.
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